Objective: to describe socio-demographic and clinical characteristics and indicators of tuberculosis (TB) in Brazilian imprisoned population, from 2007 to 2013. Methods: descriptive study with data from the Information System for Notifiable Diseases (Sinan). Results: from 2007 to 2013, 38,083 TB cases were reported in the imprisoned population, equivalent to a TB prevalence of 1,236 cases/100,000 individuals; this prevalence was higher among women (1,693/100,000), indigenous people (2,874/100,000), and in the age group >60 years (4,093/100,000); there were mainly reports of cases of pulmonary TB (91.5%) and new cases (78.1%); the TB incidence rate in 2013 (904.9/100,000) was higher than 2007 (627.6/100,000), whilst the mortality rate in 2013 (16.0/100,000) was lower than 2007 (18.0/100,000). Conclusion: TB in the imprisoned population presents some specific characteristics and higher occurrence than in the general population; the highest prevalence in women and the highest incidence at the end of the study period stood out.
Introduction
Tuberculosis (TB) in an important Public Health problem due to its magnitude, transcendence and vulnerability. 1 In 2015, the World Health Organization (WHO) estimated an occurrence of 10.4 million new cases of tuberculosis and 1.4 million deaths due to this disease, worldwide. 2 In that same year, in Brazil, the incidence rate of tuberculosis was of 30.9 cases per 100 thousand inhabitants and mortality, 2.2 deaths per 100 thousand inhabitants. 3 The occurrence and transmission of TB are associated to the living conditions of the population: they are higher in places with high population density, poor sanitation and housing infrastructure, food insecurity, drug abuse and difficulties to access health services. Because of that, the National Program for Tuberculosis Control (NPTC) selected the following populations as those who are more vulnerable to this disease: homeless individuals, imprisoned population, indigenous and individuals living with HIV (human immunodeficiency virus), causative agent of the acquired immunodeficiency syndrome (AIDS). 4 A survey conducted in 2014 showed the magnitude of imprisoned population in Brazil. In that year, Brazil had the 4 th biggest imprisoned population in the world, with 622,202 prisoners. This number is higher than the amount of vacancies available in Brazilian detention facilities, and reveals a deficit of 231,062 vacancies, besides an average occupancy higher than the availability (161%), showing the fragility of the National Prison System. 5 The prison system is an environment with potential TB transmission. The incidence of the disease among the imprisoned population is higher than in the general population. In 2014, the imprisoned population represented approximately 0.3% of the Brazilian population and contributed with 7.8% of new TB cases notified in the country. In this group, the resistant forms of the disease are still more frequent, which is related to inadequate treatment and late diagnosis. 6 In face of TB issue, in 2003, the Brazilian Ministry of Health defined tuberculosis as priority and designed programmatic actions for its control, including the production and analysis of indicators based on data from states and municipalities, with the objective of identifying the main challenges and establish targets for the disease control and prevention. 7 The incidence and mortality rates and the cure proportion (treatment success) are the main indicators employed to monitor TB behavior; 7 its calculation and critical analysis are highly important, not only for the general population but also for specific ones, such as the imprisoned population.
With regard to imprisoned population, there are few researches that provide information with wide geographical scope and allow an assessment of trend between periods; most of them are restricted to local aspects (in the scope of municipalities or single detention facilities) and are specific, hindering a situational diagnosis.
In this context, this study aimed at describing socio-demographic and clinical characteristics and tuberculosis monitoring and assessment indicators in Brazilian imprisoned population, from 2007 to 2013.
Methods
This is a descriptive study with data from the Information System for Notifiable Diseases (Sinan) about TB cases among the imprisoned population.
Sinan is a national information system which aims at supporting data collection and processing on diseases and conditions and Public Health events, including TB. The information generated by it assists in the planning, prevention, assessment and control of diseases, acting as an important tool for epidemiological surveillance. 8 The size of the imprisoned population in Brazilian detention facilities in 2014 was superior to 622 thousand, which corresponded to a rate of more than 300 inmates/100 thousand inhabitants. The National Survey on Prison Information, conducted in 2014 shows that this population is mostly composed of youngsters (55.07% up to 29 years old), blackskinned (61.67%) and individuals with poor access to education: 9.5% concluded high school. Moreover, In the present study, all the confirmed cases of TB among the imprisoned population were included, selected per year of diagnosis, from 2007 to 2013. In 2007, the field 'institutionalized' was included on Sinan-TB files, 9 that is why 2007 was chosen as the first year of the study period. Individuals with closure 'change in diagnosis' and those younger than 18 years old were excluded.
Following the recommendations by the Ministry of Health, we calculated indicators of monitoring and assessment of TB control actions in the imprisoned population: 1 -tuberculosis incidence rate (number of cases reported in the year/total population of that year x 100 thousand); -tuberculosis mortality rate (number of cases closed as death due to TB in the year/total population of that year x 100 thousand); -proportion of TB-HIV coinfection (number of new TB cases notified, positive for HIV in the year/number of new TB cases notified in that year x 100); -proportion of TB cases tested for HIV (number of TB cases notified with test for HIV performed in the year/number of TB cases notified in that year x 100); -proportion of TB cases which underwent direct observed treatment (DOT) (number of TB cases that underwent DOT in the year/number of new TB cases notified in that year x 100); -proportion of TB retreatment cases (number of TB retreatment cases in the year/number of new TB cases notified in that year x 100); -proportion of cured TB cases (number of TB cured cases in the year/number of TB cases notified in that year x 100); -proportion of dropout TB cases (number of TB cases closed for dropout in the year/number of TB cases notified in that year x 100); -proportion of TB deaths (number of TB cases closed due to death in the year/number of TB cases notified in that year x 100); and -proportion of TB cases with informed closure (number of TB cases with informed closure in the year/number of new TB cases notified in that year x 100). We also calculated the TB prevalence from the number of TB cases, divided by the number of imprisoned population of x 100 thousand for the total imprisoned population and according to sociodemographic characteristics.
To calculate the indicator 'mortality rate', the Ministry of Health recommends the use of the number of deaths recorded into the Mortality Information System (SIM). As SIM does not present any information on 'institutionalization', we adapted the recommendation, and the imprisoned population mortality rate was calculated from the number of TB cases which presented the outcome death at Sinan.
The indicators were calculated for the period from 2007 to 2013, per year of diagnosis. The imprisoned population data used to calculate the incidence and mortality rates were extracted from reports of the National Prison Department 10 and from the National Survey on Prison Information of the National Prison Department. 5 The variables used to characterize the population and calculate indicators were: -sex (male, female); -ethnicity/skin color (white; black, brown, Asian;
indigenous, unknown/blank); -education level (in years of schooling: illiterate, 1 to 4, 5 to 8, more than 8, unknown/blank); -age group (in years: 18 to 35, 36 to 59, 60 or more, unknown/blank); -TB form (pulmonary, extrapulmonary, pulmonary + extrapulmonary); -type of entry (new case, recurrence, return after dropout, unknown, referral); -closure (cure, dropout, death due to TB, death due to other causes, referral, multidrug-resistant TB, unknown/blank); -conduction of direct observed treatment (DOT); and -test for HIV.
The free statistical analysis software R version 3.2.2 was used.
The research data were provided by 
Results
From 2007 to 2013, 39,083 TB cases in the imprisoned population were notified. After applying the exclusion criteria, there were 38,083 confirmed cases of TB among the imprisoned population for the period (Table 1) .
For all the years studied, the TB prevalence was higher among women than in men: 1,693/100 thousand and 1,180/100 thousand, respectively. This prevalence was also high among indigenous people (2,874/100 thousand). The higher TB prevalence among the ethnicity/skin color Asian (1,649/100 thousand), when comparing to white (1,164/100 thousand), brown (1,154/100 thousand) and black (993/100 thousand) also stood out. In the category education level, individuals who had 1 to 4 years of schooling presented the highest TB prevalence (1,858/100 thousand), however there was an expressive number of reports in which this information was unknown/blank. For the whole period, the TB prevalence in inmates aged over 60 years old (4,093/100 thousand) was higher than the other age groups ( Table 2) .
The most prevalent TB form and the type of entry for the studied period were, respectively, pulmonary (91.5%) and 'new case' (78.1%). Recurrence cases corresponded to 10.1% of the total. We also observed an expressive number of returns after dropout (7.7%), whilst the proportion of cases in which the type of entry was unknown (does not know) was of 0.2%. Referrals corresponded to 3.8% of the total cases. Most cases obtained cure after treatment (68.6%). Dropouts corresponded to 10.7% of the total cases. Summing up deaths due to TB and other causes, they corresponded to 3.9% and closure as multidrug-resistant TB represented 0.3% of cases (Table 3) . TB incidence rate in the imprisoned population was of 627.6 and 904.9 cases per 100 thousand inhabitants in 2007 and 2013, respectively. For the whole period, this rate was of 852.8 per 100 thousand. Mortality rate (deaths/100 thousand inmates) was higher in 2007 (18.0), when compared to 2013 (16.0), and corresponded to 15.7 for the whole period analyzed (Figure 1 ).
The proportion of TB cases tested for HIV was of 61.1% for the period and increased throughout the years, from 40.9% in 2007 to 71.5% in 2013, whilst the proportion of TB-HIV coinfection was of 9.3% in the same period. The proportion of TB cases that underwent DOT was of 61.0%. The proportion of TB retreatment was of 22.8% (Table 4) .
With regard to closure, the proportion of TB cases cured was of 68.6% for the period, being higher in 2011 (73.2%) when compared to 2007 (57.6%) and 2013 (69.5%). The proportion of dropouts was of 10.7%, without important variation throughout the period. The proportion of closure due to deaths (per TB and other causes) was 3.9% in the period and presented a reduction from 5.0% (2007) to 3.4% (2013). The proportion of TB cases with informed closure was 92.9%, although it presented oscillation, with a peak in 2011 (97.2%) ( Table 4) .
Discussion
From 2007 to 2013, 619,270 cases of TB were notified in the Brazilian population; of those, 39,083 (6.3%) were notified in the imprisoned population, representing an expressive magnitude in this vulnerable population. 12 Data of the Brazilian population has shown higher TB incidence among males; 13 however, this present study showed a TB prevalence higher among women inmate. Studies suggest that women are more susceptible to progression of latent infection into active disease, being pertinent to consider the prison environment as a potential onset of tuberculosis among women inmates. 14, 15 Although the number of inmates of ethnicity/skin color indigenous and Asian represent a minority among Brazilian the imprisoned population, the prevalence among those groups stood out, which is also observed in free individuals;
16 as well as low education level individuals, since there is direct association between TB and this characteristic. 17 The higher prevalence among older individuals (over 60 years old) was also observed in other studies, due to the lower immunity of this age group. 18 Corroborating with previous studies, 19 we observed among the imprisoned population a higher number of new cases, followed by recurrences, in the whole period, similar to the general population. Referral proportions were similar between inmate and the general population in the first years, however there was a decrease among the imprisoned population over the period. 20 In general, the TB closure situations oscillated throughout the years for both the inmate and general population. The percentage of cure did not exceed 75% and dropouts accounted for about 10% in both populations, meaning it did not reach the targets set by the Ministry of Health of over 85% for cure and less than 5% of dropouts.
1 Cases closed as multidrugresistant tuberculosis (MDR-TB) in the general population did not exceed 0.2%, 20 whereas among the imprisoned population the percentages were a little higher, with a 0.5% peak in 2011. Currently, MDR-TB represents a challenge for TB control, due to the high number of deaths and dropouts among those patients, which confirms the complexity of clinical management of those cases. 21 The incidence rate of TB among the imprisoned population increased throughout the studied period. The number of new cases of the disease duplicated from 2007 to 2013, which differs from what has been observed for the general population for the same period, which accounted 37.99 cases per 100 thousand inhabitants in 2007 and 35.35 cases per 100 thousand inhabitants in 2013. 22 The incidence rate recorded for the imprisoned population was, approximately, 16 times higher than the general population in 2007 and 25 times higher than in 2013.
Previous studies showed that between 2007 and 2012, there was an increase of 85.3% new TB cases in the imprisoned population, which can be possibly attributed to the reinforcement in the search for respiratory symptomatic individuals and to disease surveillance in prisons. Moreover, centers of clinical and laboratory diagnosis have been created in prisons of Rio Grande do Sul, Pernambuco, Rio de Janeiro, Maranhão, Ceará and Amazonas States, assisting cases diagnosis, 9 not to mention the presence of health care units in several Brazilian prisons. Since there is a high risk of tuberculosis contamination in prisons, which has been previously proved, 23 it is essential to identify possible symptoms still in the gateways of prisons, as well as to conduct active searches periodically in all the unit's population. 1 With regard to mortality rate, we observed a similar situation between the imprisoned population and the general population: mortality rate due to TB in Brazil, in 2007, was of 2.49 deaths per 100 thousand inhabitants, and in 2013, of 2.27 deaths per 100 thousand inhabitants. 22 Just as the incidence rate, the mortality rate in the imprisoned population is still higher than what is found among the general population. Among the infectious and parasitic diseases, TB ranked third for causes of death in the period from 2001 to 2013, 22 which emphasizes the importance of prevention and control of the disease.
Considering that active TB is the condition with the highest impact in mortality due to Aids, 24 it is essential to asses this indicator of proportion in TB cases tested for HIV. The Ministry of Health recommends that 100% of cases should be tested; however, we still observe 24 The proportion of cases tested for HIV has increased over the years, for both the imprisoned population and general population. 20 Some factors may have contributed to this increase, such as the introduction of rapid tests, which minimized the waiting time for the result. 20 The indicator of proportion of TB-HIV coinfection enables the dimensioning and planning of joint activities with the Department of Surveillance, Prevention and Control of Sexually Transmitted Infections, HIV/AIDS and Viral Hepatitis; however it is restricted when there is high proportion of exams in progress, not conducted, or without information. 1 According to WHO's Global Report on Tuberculosis Control, people living with HIV/ AIDS are 21 to 34 times more susceptible to develop active TB when compared to the general population. 23 Among the interventions to control coinfection, we could highlight the timely testing in all TB cases, early TB diagnosis, treatment of active and latent TB, and timely start of antiretroviral therapy. 25 In 2010, among the new TB cases notified in the general population, about 10% presented coinfection TB-HIV. 12 In that same year, this proportion among imprisoned population was of 9.9%, which shows data equivalence. A study conducted in 2013, in prisons located in Mato Grosso do Sul State, showed that 1.6% of the male inmates and 1.9% of female inmates were HIV positive. 26 The proportion of new TB cases who underwent DOT in the general population increased from 33.4% in 2007 to 42.2% in 2010, representing an annual increment of cases under DOT of 8.2%, on average. With regard to imprisoned population, no growth was observed. Still, we can notice, in general, the higher proportion of cases under DOT in imprisoned population than in the rest of the population.
The proportion of TB retreatment in the general population in 2009 was of 11.7%, whilst in 2013, it was of 13.8%, remaining constant throughout the period. 25 Among imprisoned population it was higher, accounting 20.8% of cases in 2009 and 27.3% in 2013. A high proportion of TB retreatment cases shows bad quality of treatment, possibly due to the lack of adherence, mistakes in the medicines prescription or inadequate follow-up of cases. 1 The indicators of TB cured cases, dropouts and deaths reflect the treatment effectiveness, allowing a situational diagnosis of the disease closure. Moreover, the lack of information on the closure of cases hampers the achievement of the cure targets established.
1 SUS Pact for Life 27 (Pacto pela Vida) establishes that the TB cases must be timely closed at Sinan. The target established for 2010 and 2011 was of, respectively, 90% and 95% of new cases of TB with informed closure. 28 In 2010, the proportion of imprisoned population cases with informed closure was of 94.8%, and in 2011, of 97.2%, reaching the established targets.
Since this is a secondary data study, it is important to mention some potential limitations, such as possible duplicities, low completeness or underreporting. The data used in this research were submitted to qualification processes (records linkage and duplicity analysis), by qualified professionals from the municipal, state and national levels. Therefore, we know that underreporting of cases at Sinan can mask the magnitude of TB indicators. Although it can be complex to estimate the variation between the number of real TB cases and those notified at Sinan, the NPTC usually performs data collection from other sources, aiming at minimizing the occurrence of this problem. 29 Understanding data quality is essential in order to effectively contribute for TB surveillance in all populations. 29 Some tools can help reduce notification errors and underreporting. A study which conducted linkage between Sinan and SIM databases revealed an increase in the percentage of deaths due to TB, ranging around 15%. 29 Another limitation of the present study refers to the calculation of the mortality rate for TB among the imprisoned population -which was adapted -from the outcome death for TB at Sinan. This strategy, possibly, resulted in an underestimation of the rate. Future studies should use linkage techniques between SIM and Sinan, in order to have a more accurate number of deaths among the imprisoned population.
Furthermore, due to the complexity of the topic TB among the imprisoned population and the lack of studies in this area, it is important to highlight that this research, by using a secondary database, is an appropriate alternative, mainly when the proposal is to identify the limitations of the information systems and encourage their improvement. It is worth considering that, when well handled, the use of secondary data presents important advantages, such as wide population coverage, low cost and time for research.
In 2014, the World Health Assembly approved the Post-2015 Global Strategy Against Tuberculosis, establishing targets to reduce incidence and mortality rates up to 2035 and proposing pillars in order to fulfill them. 30 Pillar 1, specifically, refers to prevention and integrated care with the patient, through diagnosis and active search in vulnerable populations, among other actions, 30 being necessary to bring together partners from Social Protection, Labor, Immigration and Justice areas.
Knowing the vulnerable populations, such as the imprisoned population, and ensuring its visibility constitutes a first step to plan and implement intervention measures for this group, in order to positively impact the general indicators of the disease in the country and worldwide.
